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Abstract. Unsteady expansion of the vapour into vacuum from the flat surface was studied by the direct simulation
Monte-Carlo method. The vapour was considered as monatomic gas (the model of hard spheres). The flow structure and
parameters in the ranges of flow regimes from free-molecular to continual were investigated.

INTRODUCTION

Unsteady outflow of the vapour (gas) into vacuum from the flat surface is related to a number of classic problems
of the rarefied gas dynamics. For the collisionless gas expansion this problem has the self-similar analytical solution
[1]. The plane unsteady expansion of the gas into vacuum (the plane rarefaction wave) is the continual analogous to
this flow. For the indicated flow in case of the perfect gas the self-similar analytical solution is also known [2].
Generally the expansion of the monatomic gas into vacuum in the presence of collisions is not self-similar and the
analytical solution in that case is missing. The problem can be solved by approximate approaches or numerical
methods. It was carried out a sufficient amount of this kind of investigations. An important contribution on solution
of this problem was made by Cercignani [3], Anisimov [4], Sibold and Urbassek [5, 6], Kelly [7] and a number of
other scientists. In the framework of these researches a great attention was given to the flow features in the
nonequilibrium Knudsen’s layer, the translational relaxation process and other significant properties of the flow.
Obtained by now results are commonly used in various applications related to the unsteady expansion of the vapour
into vacuum (e.g. pulsed laser ablation of materials). At the same time the present results of computational
investigations are not exhaustive on the range of analyzed conditions. It is also required more detailed analysis of
common mechanisms of a space-time evolution of a flow structure. In practice of application of the plane unsteady
expansion of the gas into vacuum model for the solution of more complex real tasks with nonplanar geometry the
mistakes concerned with the incorrect understanding of a number of properties of this flow are often taken place. In
this report an attempt to consider this problem in detail and in corpore was made.

NUMERICAL METHOD AND PROBLEM STATEMENT

For the simulation the DSMC method is used (Berd’s version [1], NTC — model of hard spheres). The
computational domain includes a space between an evaporating surface and an external boundary placed at a
sufficient distance from the evaporating surface L. Initial and boundary conditions are formulated as follows. At the
initial time moment (¢ = 0) there are no particles in the computational domain (x > 0). At # = 0 the gas begins to
outflow from the evaporating surface (x = 0). The velocity distribution function of particles evaporating from the
surface at > 0 is supposed to be constant (independent on time) and semi-maxwellian
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Here n, is the equilibrium vapour concentration, 7', is the surface temperature, v_, v,, v, are the velocity

components of particles, R is the gas constant. Particles turning back to the source surface are excluded from the
simulation process that corresponds with the condition of their total condensation. Particles reached the external
boundary of the computational domain x =L are also excluded from the simulation (the external boundary is
supposed to be the condensing surface). The modelling of the gas evaporation into vacuum at such conditions is
correct for a hypersonic flow at the external boundary. This requirement was always fulfilled in simulations. For the
decreasing of the amount of computations under the realization of DSMC method the distribution function (1) is
simulated in the limited range of absolute values of the velocity. The maximum value of velocity components under

investigation was v, =4/8, f =(2RTW)_1/2. The modelling time corresponded to 7 =1¢/¢, <10° and the

location of the external boundary of the computational domain corresponded to L < 10* /16 (f,and ﬂ,e — mean time

and mean free path defined by equilibrium parameters near the surface). For the simulation the parallel DSMC
algorithm [8] was used.

MODELLING RESULTS AND THEIR ANALYSIS

Initial Stage Of Qutflow. Free-Molecular And Nearly Free-Molecular Flow Stages

In Fig. 1 the self-similar profiles (dependences on & = fx/t) of relative parameters: velocity Au, density
n/n,, longitudinal T, /T, transverse T, /T, and total T /T, temperatures, flux of particles fun/n, and Mach
number M for the collisionless flow as well as the results of calculation of these parameters at 7 = 107,107 and 1
are given. Results obtained practically coincide with each other and with self-similarly profiles for the collisionless
gas expansion. Reliable design data are limited by following range & <3.2—3.4 . Its right boundary is marked

with figure / (Fig. 1). The flow on this stage is characterized by the rapid density decreasing and the nearly linear
increasing of gas velocity while moving away from the surface. The dashed line 2 in Fig.1 corresponds to asymptotic
profiles of relative parameters at great values of &. The flow is completely translationally nonequilibrium. The

transverse temperature 7’ ) is constant. The longitudinal temperature 7 is monotonously decreasing while moving
away from the surface. The sonic point (M = 1) corresponds to & =0,337. Parameters at the sonic point are the
following: fu=0,795, n/n, =0317, T /T, =0,757, fun/n, = 0252 .

At 7 =1 the averaged number of collisions of particles under the outflow into vacuum is about 0.1. The value
7 =1 may be assumed as the boundary of the free-molecular stage of the gas outflow. At 7 =3 the number of
collisions is increasing up to 1. The influence of collisions on profiles of gasdynamic parameters becomes more

appreciable but the difference of design profiles from the self-similar profiles remains insufficient (less 5 — 10 % for
T, and T, less 2 — 3 % for u and n). The range 1< 7 <3 may be assumed as the stage of the nearly free-

molecular regime. At this stage the transition from collisionless to collisional flow regimes occurs.

a b
FIGURE 1. Self-similar profiles fu, n/n., fun/n., M (a) and T, T,, T (b) at collisionless flow and design results at =107 (o), 10™!
(0), 1 (0); 1 — the boundary of the reliable design data region, 2 — asymptotic profiles of parameters at great values of &
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Transitional And Continual Stages Of Flow Regimes

Let’s consider the flow evolution at 7 > 3. In Fig. 2 profiles fu, n/ n, and fBun/n, on coordinate x /A, (left)

and self-similar coordinate & (right) at 7 =3—10 000 are given. There is also presented the self-similar solution for

the collisionless flow (curve 0) in Fig. 2 (right). The origin of design curves in Fig. 2 corresponds to the middle of
the first cell (x = 4,/2). With the 7 growth the flow suffers fundamental changes. It becomes non-self-similar as a

whole. This is connected with the appearance of the characteristic scale (mean free path) defining sizes of zones of
the translational relaxation. Profiles fu and n/n, are not self-similar near the surface but they are close to self-

similar profiles at sufficiently great & . Sizes of the region of the approximate self-similarity of fu and n/n, are

growing with the 7 increase. At 7>1000 the approximate self-similarity of these parameters takes place at
& > 0.1. Profiles Bun/ n, are approximately self-similar for the whole flow region.

With the 7 increase the number of collisions of particles is growing in the gas, the reverse flow of particles to
the surface appearing and growing. This results in decreasing Su and increasing n/n, near the surface. In some

zone near the surface the magnitude fun/n, is changed insufficiently (Fig. 2e, /). At 7 > 100 the value of fun/n,
near the surface remains approximately constant and equal to 0.24. The 10 % decrease in Sun/n, occurs at the distance
from the evaporating surface x /4, =(0,3-0,35)7 or £=033-04.

a b
¢ d
e f

FIGURE 2. Dependences ﬂu ,n/ n, and ,Bun / n, on x / ﬂe (a, c, e) and f (b, d, f) at various time:
7 =0 (curve 0), 3 (1), 10 (2), 30 (3), 100 (4), 300 (5), 1000 (6), 3000 (7), 10000 (8)



The governing regularities of this flow are connected with the process of the translational relaxation. In Fig. 3
profiles T /T, and T, /T, at 7= 30 (a) and 300 (b) are given. They represent the course of the translational

relaxation with the z growth. The horizontal line in Fig. 3 corresponds to the value of 7', /T, at x — oo . The
current position of the gas leading edge is denoted as x 6= 4t/ B . At 7 = 30 the traslational equilibrium isn’t settled
due to the insufficient number of collisions. At 7 >100 the zone of the quasi-equilibrium flow is formed at some
distance from the surface. Within the bounds of this zone values of 7 and 7', are close, T <T iy

The following condition can be assumed as a criterion of the traslational equilibrium

5 T.-T,
e 2)

Within the bounds of the Knudsen’s layer 0 > &, at it’s external boundary & = & . In Fig. 4 data on the position of
the external boundary of the Knudsen’s layer x,  at different z for £=0,05 are given. At first at 7 >100 the
Knudsen’s layer thickness A, ~=x, sufficiently rapidly decreases and then at z >1000 it is changed slightly and

approximately equal to (11 — 12) 1,. As the time passes parameters at the point x are changed: values of n/n,

Kn
and T /T increase, fu and M decrease. M number at the external boundary of the Knudsen’s layer in the range of

7 =10? —10* is changed from 1.48 to 0.775.

The governing regularities of the translational relaxation beyond the bounds of the Knudsen’s layer are the
following. The magnitude 7, monotonously decreases and the curve T, has its minimum. The minimum’s
coordinate x, is moving away from the surface with the z growth. The dependence x, (7) (Fig. 4) at 7 =30 can
be approximated by

X,/ 2, = 06721, &, =11272 = 0,757, 3)

T T T TTTIT1

)
!

c d
FIGURE 3. Dependences Tx /TW (a, b), Ty /TW (ab), T / TW (c)and M (d) on X / ﬂ,e at various time: a - =30, b - =300,

cand d - =3 (1), 10 (2), 30 (3), 100 (4), 300 (5), 1000 (6), 3000 (7), 10000 (8)
Atx > x, the value of T ) rapidly increases approaching to the value of 7 ) /T, =1 corresponding with the free-

molecular mode of the flow. Such behavior of curves T, is accounted for particles practically collisionless moving
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in the region adjoining to the gas leading edge. This feature of changing T, at x>x,  can be used for the

determination of the boundary of the flow transition to the free-molecular mode of the expansion. As such boundary
we shall consider the intersection of the design curve Ty linearly extended (the dashed line in Fig. 3a) with the line

T, /T, =1. Let’s denote this point as X The dependence X o (7) is given in Fig. 4. Design data at = >30 are

approximated by:

X 12, =(29-32), &, =32-35. 4)

Regularities of T and T changes identically determine profiles 7. The typical feature of the T profiles is the

y
presence of the minimum at the point x,, and the tendency of 7" to the value 7 = 0,677 in the region of the free-
molecular expansion (X > X fin ). Profiles u and T define Mach number profiles. The presence of the 7 minimum

results in appearing the local maximum of the M profile at the point x, at 7 > 100 (Fig. 3d). M number at the local

maximum point is increasing with the 7 growth. Simulations carried out describe the flow in the region
£<32-34. It was shown above M~ x /¢t for the free-molecular region of the gas expansion. The hypothetical

form of the M profile at x > x, for r =3000 is given in Fig. 3d (dotted line 9).

At 7>100 the form of gasdynamic parameters profiles (Fig. 2 and 3) points out the formation of two flow
regions with the distinction in kind of regularities of parameters changes: the subsonic quasi-steady region with the
thickness A, and the supersonic flow region A downstream located (Fig. 4). Both regions have the fairly complex

internal structure. In Fig. 4 data on the sonic point location (M = 1) are presented while in Fig. 8 parameters at this
point are given. The coordinate of the sonic point x, is monotonously increasing with the z growth. At 7 >30

dependences x, /A4, and &, on 7 can be approximated by

x. /A, =t & =112070%, (5)
At 7 =7, =200 (Fig. 4) values of x, ~and x, are equal. At 7 >z, the external boundary of the Knudsen’s layer
is located in the region of the subsonic flow. In the range 100 < 7 <z, we have x> x,. Within the bounds of this
short interval 7 the flow at the sonic point is nonequilibrium. At the sonic point at 7 =30-10 000 (Fig. 5)
parameters n,/n,, fu, and T./T,, are changed slightly (especially at 7 >1000 ). This feature can be used for the

approximate statement of boundary conditions at the surface under the present problem solution by the continual
gasdynamic approaches (Euler or Navier — Stokes equations).

e
T, T
0.6 /

a5

04

FIGURE 4. Gasdynamic structure of the flow at transitional and

continual stages at coordinates X / /le T FIGURE 5. Parameters at the sonic point of the flow

The flow in the subsonic region is characterized by the fairly rapid decrease of gradients of gasdynamic
parameters with the x increase (Fig. 2 and 3). With the 7 growth this tendency is gaining strength. At the stage of
the developed continual regime (7 > 1000 ) in the subsonic region the zone of the rapid acceleration of the gas up to
M = 0,8 — 0,9 with the extension (20 — 30) 4, and the transonic zone with the much great extension can be pointed
out. The size of the transonic zone is growing with the 7 increase. Downstream the supersonic unsteady region is
located. Within the bounds of this region the rapid growth of fu , decrease of n/n, and fun/n, are observed.

At 7 > 100 downstream from the Knudsen’s layer the region of the continual (quasi-equilibrium) flow is located.
The extension of this zone is growing with the 7 increase. As an external boundary of the continual region can be
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assumed the coordinate X, where condition (2) is true. The location x_(7) at &= 0,05 is presented in Fig. 4. The

extension of the region of the continual flow is equal to A =x_ —x,, . At some magnitude 7 =7, the external

Kn

boundary of the region of the continual flow x_ is confluent with the external boundary of the Knudsen’s layer x

(Fig. 4). At £=0,05 we have 7, =100. At 7 <7, the Knudsen’s layer as a zone of the relaxation of the initial

nonequilibrium cannot be assumed since the flow located left from the point # is nonequilibrium in the whole region.

Above the line x fin the region of the free-molecular flow is located. Between the lines x . and x_ the region of

the transitional regime of the flow is located. Its size A, =x

fm

n X is growing with the 7 increase.
n c

GENERALIZED GASDYNAMIC STRUCTURE AT COORDINATES &, 7

The summarizing of design data allows to represent the time evolution of the gasdynamic structure for the flow
as a whole (Fig. 6). At coordinates &, 7 the whole flow field can be divided into three regions: free-molecular F,

transitional 7 and continual C flows. At 7 >3 the region of the free-molecular regime has two subregions: the first
one is located above the line 7f corresponding to the boundary of the free-molecular regime &, . the second one is

placed below the line rp corresponding to the boundary of the vapour layer f 7w With the thickness x = A,

adjoining to the evaporating surface. Left from the point » (7 <3) the flow is completely free-molecular or nearly
free-molecular. The region of the transitional regime is located between the lines prf'and knc. The line knc divides
the transitional flow from the continual one. It consists of the external boundary of the Knudsen’s layer &~ and the

distant boundary of the region of the continual flow &, . Right from the line knc the region C is located.

The time evolution of the gasdynamic structure of
the flow has four typical stages (Fig. 6): I — free-
molecular (z<1), 2 — nearly free-molecular
(1<7<3), 3 — transitional (3<7<100) and 4 —
continual (7 >100). Here and above names of flow
stages correspond to names of mostly dense flow
regimes realized at the corresponding stage. At stages /
and 2 the flow regime F takes place. At stage 3 the flow
includes the region of the transitional regime T
(é:fw <&< §fm ) and two zones of the region F' (£ < ffw

. FIGURE 6. Generalized gasdynamic structure of the flow at
and &£>¢& fin ). At the forth (continual) stage the flow gascy

coordinates &, T
includes regions with three flow regimes.

The Knudsen’s layer (& < &, ) including the free-molecular sublayer (& < & fw) and the zone of the transitional
flow (& i < & <&y, ) is placed near the surface. Farther the regions of continual (&, <& <<, ), transitional

(&.<é< ‘ffm ) and free-molecular (& > fﬁn ) flows are located.

REFERENCES

G.A. Bird, Molecular gas dynamics and direct simulation of gas flows, Clarendon Press, Oxford, 1994, 451 p.
G.G. Cherniy, Gas dynamics, Nauka, Moscow, 1988, 424p.

C. Cercighani, in Rarefied Gas Dynamics, edited by S.S. Fisher, AIAA, New York, 1981, pp. 305-320.

S.I. Anisimov, Soviet Physik JETP, 27, 182-185 (1968).

D. Sibold and H.M. Urbassek, Phys. Rev. A, 43, 6722 —6734 (1991).

D. Sibold and H.M. Urbassek, Phys. Fluids A, 5, 243-255 (1993).

R. Kelly, Phys. Rev. A, 46, 860-874 (1992).

Y.Yu. Bykov, Yu.E. Gorbachev and G.A. Lukyanov, Thermophys. and Aeromech., 5, 399-405 (1998).

PN R LN~



	Welcome Screen
	Previous Proceedings
	Title Page
	Copyright
	Dedication
	Preface
	Local Organizing Committee, Acknowledgment of Support and Sponsorship, Session Chairmen and Paper Reviewers
	International Advisory Committee and Symposia Locations
	Contents
	GENERAL INVITED LECTURES
	From Nice 1958 to Bari 2004: 46 Years of RGD Symposia (Evening Lecture)
	Convergence to Equilibrium: Entropy Production and Hypocoercivity (Harold Grad Lecture)
	Molecular Alignment in Gaseous Expansions and Anisotropy of Intermolecular Forces (Lloyd Thomas Lecture)
	Historical Account and Branching to Rarefied Gas Dynamics of Atomic and Molecular Beams: A Continuing and Fascinating Odyssey Commemorated by Nobel Prizes Awarded to 23 Laureates in Physics and Chemis

	CHAPTER 1: BOLTZMANN AND RELATED EQUATIONS
	On the Quantum Boltzmann Equation (abstract only)
	Kinetic Modelling of a Heterogeneous Dispersed Medium
	Nonlinear Acoustics to Second Order in Knudsen Number without Unphysical Instabilities
	The Discrete Boltzmann Equation: The Regular Plane Model with Four Velocities
	Stability Analysis of a Multigroup Model for the Boltzmann Transport Equations of Carriers and Phonons
	A Reactive BGK-Type Model: Influence of Elastic Collisions and Chemical Interactions
	A Semi-Continuous Boltzmann Equation for Particles with General Dispersion Relations
	A Method of Joint Solution of the Boltzmann and Navier-Stokes Equations
	Generalized Hydrodynamic Equations and the Problem of Boundary Conditions
	Coupling Direct Boltzmann and Continuum Flow Solvers
	Macroscopic Equations for High-Speed Rarefied Monatomic Gas Flows Past Cold Bodies
	Continuous Inverse Kinetic Theory for Incompressible Fluids
	Exact Forms of Representation of Boltzmann Collision Integral as a Divergence of the Flow in Velocity Space
	On One-Dimensional Discrete Velocity Models of the Boltzmann Equation for Mixtures
	On the Application of the Moment Equations to the Thermally Induced Flows
	Theory of Stochastic Transitions in Area Preserving Maps

	CHAPTER 2: INTERNAL FLOWS AND VACUUM SYSTEMS
	Information Preservation (IP) Method in Simulation of Internal Rarefied Gas Flows in MEMS
	Flows of a Binary Mixture of Rarefied Gases between Two Parallel Plates
	Effect of Surface Grooves on the Rarefied Gas Flow between Two Parallel Walls
	Knudsen Compressor Performance at Low Pressures
	Vacuum Pump without a Moving Part Driven by Thermal Edge Flow
	Characterization and Optimization of a Radiantly Driven Multi-Stage Knudsen Compressor
	Statistical Simulation of Thin-Film Bearings
	A New Procedure for Designing Blade Arrangements of a Turbomolecular Pump
	Investigation of Peculiarities of Small Reynolds Number Flows
	Translational Non-equilibrium of a Gas by Flow in Vacuum through the Constant Cross-Section Channel
	Numerical Simulation of Particle Flow Conductance in a Duct under Free-Molecular Conditions
	Condensation of Methanol Vapor onto Its Liquid Film on a Solid Wall behind a Reflected Shock Wave
	Turbulent Thermal Convection over Rough Surfaces
	Numerical Simulations of Blood Flow inside a Mechanical Heart Valve
	Thermodynamic-Model Independence in Numerical Schemes for the Solution of Navier-Stokes Equations
	Application of Nonlinear Dynamics Methods to Rarefied Gas Flows in Channels
	Performance Characteristics of a Disk-Type Drag Pump in the Molecular Transition Region
	Monte Carlo Simulation of Thermal Conduct of Dissociating Nitrogen Gas between Flat Plates

	CHAPTER 3: KINETIC AND TRANSPORT THEORY
	Self-Similar Solutions of the Boltzmann Equation with Elastic and Inelastic Interactions (abstract only)
	On Stationary Solutions to the Linear Boltzmann Equation with Inelastic Granular Collisions
	Instability of the Plane Couette Flow by the Ghost Effect of Infinitesimal Curvature
	On the Rayleigh-Bénard Problem in Rarefied Gases
	Non-equilibrium Effects in Reacting Gas Flows
	Kinetic Theory of Soft Matter: The Penetrable-Sphere Model
	Quasi Equilibrium Knudsen Boundary Layers
	Nonuniform Relaxation Problem for Mixtures and Effects of the Anomalous Heat Transfer
	Transition Regime of Gas-Phase Heat Transfer in Powder Beds
	Light-Induced Heat and Mass Transfer of Rarefied Gas in a Flat Channel
	Radiative Heat Transfer Computations as a Free Molecular Flow Modeling Tool
	The Limiting Behavior of the Broadwell Model: Flow in a Thin Channel

	CHAPTER 4: RAREFIED JETS AND PLUMES
	Unbound Neutral Atmosphere in the Solar System
	Comparison between Navier-Stokes and DSMC Simulations of the Rarefied Gas Flow from Model Cometary Nuclei
	Numerical Simulation of Collision-Induced Dissociation of Large Molecular Ions in Mass-Selective Detector with Atmospheric Pressure Chemical Ionization
	The Free-Jet Expansion of Supercritical CO2 from a Capillary Source
	Experimental Analyses of Flow Field Structures around Clustered Linear Aerospike Nozzles
	DSMC and Navier-Stokes Study of Backflow for Nozzle Plumes Expanding into Vacuum
	Anomalous Inflow into Rarefied Plasma Expansion
	Experimental and Numerical Study of Nozzle Plume Impingement on Spacecraft Surfaces
	Modeling of Vapor Expansion under Pulsed Laser Ablation: Time-of-Flight Data Analysis
	Laser-Induced Plasma in a Water Bubble
	Acceleration Phenomenon of Helium Arc Jet through a Magnetic Nozzle
	Modeling of Argon Condensation in Free-Jet Expansions with the DSMC Method
	Numerical Study of Free Transitional Jets with FCT Limited Scheme
	Three Dimensional Simulation on Deformation of Jet Boundary in an Underexpanded Axisymmetric Jet
	Numerical Simulations of Gas Cloud Expansion in Rarefied Environment
	Particle Rotation Effects in Rarefied Two-Phase Plume Flows
	Time-Resolved Analysis of High-Power-Laser Produced Plasma Expansion in Vacuum
	Stationary Population Inversion in an Expanding Argon Plasma Jet by Helium Puffing
	Solid Rocket Motor Backflow Analysis for CONTOUR Mishap Investigation
	Experimental and Numerical Modeling of Rarefied Gas Flows through Orifices and Short Tubes
	Back Flux for Pulsed Laser Evaporation into Vacuum
	Studies on Impingement Effects of Low Density Jets on Surfaces—Determination of Shear Stress and Normal Pressure

	CHAPTER 5: MONTE CARLO METHODS AND NUMERICAL SOLUTIONS
	Monte Carlo Methods and Numerical Solutions
	A Numerical Study of Taylor-Couette Problem for a Rarefied Gas: Effect of Rotation of the Outer Cylinder
	DSMC Convergence Behavior for Fourier Flow
	Numerical Study of Essentially Unsteady Evaporation
	Evaporation and Condensation Flows of a Vapor-Gas Mixture from or onto the Condensed Phase with an Internal Structure
	Molecular Dynamics Study on the Evaporation Part of the Kinetic Boundary Condition at the Interface between Water and Water Vapor
	A Kinetic Model for Vapor-Liquid Flows
	Half-Space Problem of Weak Evaporation and Condensation of a Binary Mixture of Vapors
	Applicability of the Homogeneous Nucleation Theory to the Condensation in Free Gas Expansions
	Direct Simulation of Ultrafast Detonations in Mixtures
	DSMC Study of Shock-Detachment Process in Hypersonic Chemically Reacting Flow
	Three-Dimensional Rayleigh-Bénard Convection of a Rarefied Gas: DSMC and Navier-Stokes Calculations
	On the Stability of Higher-Order Continuum (HOC) Equations for Hybrid HOC/DSMC Solvers
	The DS2V/3V Program Suite for DSMC Calculations
	DSMC Simulations of Hypersonic Flows and Comparison with Experiments
	Nonlinear Acoustics in Diatomic Gases Using Direct Simulation Monte Carlo
	Development of a General Parallel Three-Dimensional Direct Simulation Monte Carlo Code
	Analysis of Repeated Collisions in the DSMC Method
	Comparison between Time Relaxed Monte Carlo Method and Majorant Frequency Scheme Methods for the Space Homogeneous Boltzmann Equation
	Plane Couette Flow Computations by TRMC and MFS Methods
	Object-Oriented Software Design of Real Gas Effects for the DSMC Method
	Analysis of Numerical Errors in the DSMC Method
	Influence of Boundary Conditions and Chemical Reactions on the Rayleigh-Bénard Convection of a Rarefied Gas Mixture
	A Fast Iterative Synthetic Method for Discrete Velocity Calculations
	On the Accuracy of DSMC Modeling of Rarefied Flows with Real Gas Effects
	Dynamics of Fluid Dynamics Fluctuations by Particle Simulations
	DSMC Simulations of Fourier and Couette Flow: Chapman-Enskog Behavior and Departures Therefrom
	Lattice Boltzmann Method for Phase-Separating Liquid-Vapor Systems
	DSMC Implementation of the Schamberg Model: Comparison with the Maxwell Model
	Unsteady Outflow of the Vapour into Vacuum from the Flat Surface
	Flows of a Vapor due to Phase Change Processes at the Condensed Phases with Temperature Fields as Their Internal Structures
	Hypersonic Flow over a Wedge with a Particle Flux Method
	DSMC Simulation of Non-Uniform Flow Effects behind a Conical Nozzle
	Discrete Velocity Numerical Approach to Strong Evaporation of Graphite
	Simulation of Plane Poiseuille Flow of a Rarefied Gas with an Extended Lattice Boltzmann Method

	CHAPTER 6: DIRECT NUMERICAL SOLUTION OF THE BOLTZMANN EQUATION
	Direct Numerical Solution of the Boltzmann Equation
	DSMC Calculation of Vortex Shedding behind a Flat Plate with a New Intermolecular Collision Scheme
	A Fast Simulation Method with Arbitrary Viscosity Law

	CHAPTER 7: MICROFLOWS
	Comparison between Navier-Stokes and DSMC Calculations for Low Reynolds Number Slip Flow Past a Confined Microsphere
	The Impact of Accommodation Coefficient on Concentric Couette Flow
	Diffusiophoresis of a Spherical Volatile Particle
	Flow of a Rarefied Gas between Parallel and Almost Parallel Plates
	Geometric and Constitutive Dependence of Maxwell/s Velocity Slip Boundary Condition
	A Wall-Function Approach to Incorporating Knudsen-Layer Effects in Gas Micro Flow Simulations
	Carbon Deposition on Blade Surfaces of Laser Microactuator for Optical MEMS
	A Critical Review of the Drag Force on a Sphere in the Transition Flow Regime
	Direct Numerical Simulation of a Forced Micro Couette Flow Using DSMC
	Gaseous Flows in Microchannels
	Application of the DSMC and NS Techniques to the Modeling of a Dense, Low Reynold/s Number MEMS Device
	Hybrid Molecular Dynamics—Monte Carlo Simulations for the Properties of a Dense and Dilute Hard-Sphere Gas in a Microchannel
	Effect of Surface Forces on the Gas Flow in Nanosize Capillaries
	Flow of Gas Mixtures through Micro Channel

	CHAPTER 8: GRANULAR GASES
	Some Aspects of the Boltzmann Equation for a Granular Gas
	DSMC Evaluation of the Navier-Stokes Shear Viscosity of a Granular Fluid
	Impurities in Inelastic Maxwell Models
	Heat Flux in a Vibrated Granular Gas: The Diffusive Heat Conductivity Coefficient
	Green-Kubo Representation of the Viscosity of Granular Gases
	Motion of Nanoparticles in Rarefied Gas Flows
	Rarefied Flow through a Packed Bed of Spheres
	Stochastic Simulation of Thermoemission from Surfaces of Dusty Grains
	Stochastic Simulation of Fluctuation Stage of Phase Transfer on Solid Surface during Thin Film Formation
	A BGK Model for a Mixture of Chemically Reacting Gases

	CHAPTER 9: MOLECULAR BEAMS
	Stereospecific Control by Molecular Orientation
	Simulation of the Parameters of Seeded Molecular Beam
	Crossed Beam Studies of Prototype Insertion Reactions: C(1D)øH2 and N(2D)øH2
	Time Resolved Observation of Multiple Electronic Configurations in the Electronic Relaxation of Isolated Molecules by Photoelectron Imaging
	Development of High Energy Molecular Beam Source Using Small Shock Tube
	Structural Determinations and Dynamics on Floppy Molecular Systems
	Deposition from Supersonic Beams (SuMBE): A Kinetic Approach for Controlling Thin Film Properties

	CHAPTER 10: GAS PHASE MOLECULAR COLLISION DYNAMICS
	Multiscale Modeling of Molecular Collision Dynamics
	Modeling of OH Product Distributions Using QCT-MD and BL Models in a Bow Shock
	Deviations from the Mass Action Law in Non-equilibrium Gas Flows
	Electron-Molecule Collision Cross-Sections for Air Kinetics
	A Comparison of Semiclassical IVR and Exact Quantum Collinear Atom Diatom Transition Probabilities for Mixed Reactive and Non-Reactive Regimes
	Dynamics of Collision-Induced Dissociation of Two Molecules with Ionic Bond

	CHAPTER 11: GAS-SURFACE INTERACTION
	Progress in Gas-Surface Interaction Study
	Atomic Oxygen Recombination and Chemical Energy Accommodation on Alumina at High Temperature
	Out-of-Plane Scattering Distribution of Nitrogen Molecular Beam on Graphite (0001) Surface
	Multiscale Analysis for Gas-Surface Interaction of Hyperthermal SiH4 and Si(100) Surface
	Investigation of Transient Forces Produced by Gases Expelled from Rapidly Heated Surfaces
	Anisotropic Scattering Kernel and Temperature Jump at the Wall
	Scattering Kernel of Polyatomic Gases
	A Silicon Crystal Microbalance for Normal Momentum Transfer Study in a Gas-Surface System
	Analytic Solutions for the Probability of Atomic Surface Recombination as a Function of Surface Parameters
	Behavior of the Reflected Molecules of a Diatomic Gas at a Solid Surface
	Fractal and Statistical Models of Rough Surface Interacting with Rarefied Gas Flow
	Some Approaches for Study of Momentum and Energy Transfer in a Gas/Solids System

	CHAPTER 12: STATE-TO-STATE KINETICS
	H2 State to State Kinetics in Nozzle Expansion
	Behavior of Ro-Vibrationally Excited H2 Molecules and H Atoms in a Plasma Expansion
	Modeling Dissociation-Vibration Coupling with the Macroscopic Chemistry Method
	Experimental Study of Rotational Nonequilibrium in Low Density N2 Jets Using REMPI
	Quantum Molecular Dynamics Simulation of Dissociative Adsorption of H2 /Pt(111)
	A Combined MD Simulation and Experimental Investigation of the O2 Formation on b-quartz at High Temperature
	A Statistical Model for Vibration-Chemical Reaction Interaction in Gas Mixtures
	State-to-State Reaction Rate Coefficients, Distributions, and Gas Dynamics behind Strong Shock Waves
	Vibration-Electronic Kinetics and Radiation in a Non-equilibrium CO Flow behind a Shock Wave
	State-to-State Kinetics and Transport Properties of a Reactive Air Flow near a Re-Entering Body Surface
	Vibrational Populations of the Adlayer in Exoergic Processes at Solid Surfaces
	Kinetic Foundation of Nonextensive Gas Dynamics
	Consideration of the Vibrationally Linked Molecular Dissociation Model Based on the Kinetic Theory
	Vibrational Relaxation/Excitation Collision Model of Diatomic Molecules for Rarefied Gas Flows
	Transport Coefficients of a Single Reactive Gas

	CHAPTER 13: RAREFIED PLASMAS
	Monte Carlo Simulation of Charged Species Kinetics in Non-Equilibrium Gases
	Three-Dimensional Particle Modeling of Plasmas in a Reactor with Multipolar Magnetic Field
	Low Frequency Dynamical Behavior of the Plasma at the Exit Plan of a Hall Effect Thruster
	Geometrical Scaling of Hall Thruster Particle Model
	Modeling of Arc Jet Plasma Flow in Transitional Regime by Navier Stokes and State-to-State Coupling
	Strong Shock-Wave Interaction with an Expanding Plasma Flow: Influence on the CN Molecule Internal Modes
	Monte Carlo Simulation of Isotope Separation Phenomena by DC Discharge as Rarefied Gas Dynamics
	PIC/MC Modeling of Dusty Plasmas
	Measurement of Radial and Axial Neutral Gas Temperature in a Semi-conductor Plasma Reactor
	Hydrogen Plasmas for Negative Ion Production
	Capacitively Coupled Radio Frequency Discharge Plasmas in Hydrogen: Particle Modeling and Negative Ion Kinetics
	Non-equilibrium Vibrational Kinetics in Radiofrequency H2 Plasmas: A Comparison between Theoretical and Experimental Results
	Grid-Free Plasma Simulations Based on Hierarchical Treecode Field Solvers
	Transport of a-ray Generated Ion Clusters in Rarefied Flows
	Modeling of the Arc-Jet Plasma Flow in the SR5 Nozzle Using a Thermochemical Non-equilibrium and a State-to-State Approach
	Numerical Modeling of Hall Thruster

	CHAPTER 14: NON-EQUILIBRIUM PLASMA KINETICS (HYPERSONICS AND SCRAMJETS)
	Weakly Ionized Plasmas in Hypersonics: Fundamental Kinetics and Flight Applications
	DSMC Simulations in Support of the STS-107 Accident Investigation
	Testing Continuum and Non-Continuum Descriptions in High Speed Flows
	Hypersonic Rarefied Flow Simulation Using 2D Unstructured DSMC with Free Stream Condition
	Hypersonic Transversal Flow of Rarefied Gas Mixture Past Infinite Band
	Continuum Approach to Hypersonic Aerodynamics and Heat Transfer Prediction at Low Reynolds Numbers
	Solution of the Boltzmann Equation for Electrons in Laser-Heated Metals
	Evaluating Anisotropy and Thermodynamic Non-equilibrium in Hypersonic Transitional Regime
	Shock Wave Structure for Argon, Helium, and Nitrogen
	Direct Monte Carlo Simulation of the Transverse Supersonic Rarefied Gas Flow Past a Cylinder
	MHD of Aircraft Re-Entry: Limits and Perspectives
	Viscous Effects on Cooled Pitot Tubes in Hypersonic Low Reynolds Number Flows
	Dual-Mode Scramjet Operation at a Mach 5 Flight Enthalpy in a Clean Air Test Facility
	Relativistic Kinetic Theory of Magnetoplasmas
	Canonical Lie-Transform Method in Hamiltonian Gyrokinetics: A New Approach
	Plasma Expansion in Presence of Electric and Magnetic Fields
	Transport Properties of Equilibrium Argon Plasma in a Magnetic Field

	CHAPTER 15: EXPERIMENTAL PROCEDURES IN RGD
	Experimental Aspects of Code Validation in Hypersonic Flows
	Application of PSP to Surface Pressure Measurement in High Knudsen Number Flows
	Planar Laser-Induced Iodine Fluorescence Measurements in Rarefied Hypersonic Flow
	Laser Interferometric Measurement of Shear Stress in Low-Density Flows
	The Experimental Facilities at Laboratoire d/Aérothermique
	ICP Plasma Jet for Target Interaction Studies of O-atoms in O2 and CO2 Supersonic Flows
	An Analysis and Predicting the Efficiency of Atomic Oxygen Recombination and Chemical Energy Accommodation on Heated Silica Surfaces


	Author Index
	Help
	Welcome Screen
	Previous Proceedings
	Title Page
	Copyright
	Dedication
	Preface
	Local Organizing Committee, Acknowledgment of Support and Sponsorship, Session Chairmen and Paper Reviewers
	International Advisory Committee and Symposia Locations
	Contents
	GENERAL INVITED LECTURES
	From Nice 1958 to Bari 2004: 46 Years of RGD Symposia (Evening Lecture)
	Convergence to Equilibrium: Entropy Production and Hypocoercivity (Harold Grad Lecture)
	Molecular Alignment in Gaseous Expansions and Anisotropy of Intermolecular Forces (Lloyd Thomas Lecture)
	Historical Account and Branching to Rarefied Gas Dynamics of Atomic and Molecular Beams: A Continuing and Fascinating Odyssey Commemorated by Nobel Prizes Awarded to 23 Laureates in Physics and Chemis

	CHAPTER 1: BOLTZMANN AND RELATED EQUATIONS
	On the Quantum Boltzmann Equation (abstract only)
	Kinetic Modelling of a Heterogeneous Dispersed Medium
	Nonlinear Acoustics to Second Order in Knudsen Number without Unphysical Instabilities
	The Discrete Boltzmann Equation: The Regular Plane Model with Four Velocities
	Stability Analysis of a Multigroup Model for the Boltzmann Transport Equations of Carriers and Phonons
	A Reactive BGK-Type Model: Influence of Elastic Collisions and Chemical Interactions
	A Semi-Continuous Boltzmann Equation for Particles with General Dispersion Relations
	A Method of Joint Solution of the Boltzmann and Navier-Stokes Equations
	Generalized Hydrodynamic Equations and the Problem of Boundary Conditions
	Coupling Direct Boltzmann and Continuum Flow Solvers
	Macroscopic Equations for High-Speed Rarefied Monatomic Gas Flows Past Cold Bodies
	Continuous Inverse Kinetic Theory for Incompressible Fluids
	Exact Forms of Representation of Boltzmann Collision Integral as a Divergence of the Flow in Velocity Space
	On One-Dimensional Discrete Velocity Models of the Boltzmann Equation for Mixtures
	On the Application of the Moment Equations to the Thermally Induced Flows
	Theory of Stochastic Transitions in Area Preserving Maps

	CHAPTER 2: INTERNAL FLOWS AND VACUUM SYSTEMS
	Information Preservation (IP) Method in Simulation of Internal Rarefied Gas Flows in MEMS
	Flows of a Binary Mixture of Rarefied Gases between Two Parallel Plates
	Effect of Surface Grooves on the Rarefied Gas Flow between Two Parallel Walls
	Knudsen Compressor Performance at Low Pressures
	Vacuum Pump without a Moving Part Driven by Thermal Edge Flow
	Characterization and Optimization of a Radiantly Driven Multi-Stage Knudsen Compressor
	Statistical Simulation of Thin-Film Bearings
	A New Procedure for Designing Blade Arrangements of a Turbomolecular Pump
	Investigation of Peculiarities of Small Reynolds Number Flows
	Translational Non-equilibrium of a Gas by Flow in Vacuum through the Constant Cross-Section Channel
	Numerical Simulation of Particle Flow Conductance in a Duct under Free-Molecular Conditions
	Condensation of Methanol Vapor onto Its Liquid Film on a Solid Wall behind a Reflected Shock Wave
	Turbulent Thermal Convection over Rough Surfaces
	Numerical Simulations of Blood Flow inside a Mechanical Heart Valve
	Thermodynamic-Model Independence in Numerical Schemes for the Solution of Navier-Stokes Equations
	Application of Nonlinear Dynamics Methods to Rarefied Gas Flows in Channels
	Performance Characteristics of a Disk-Type Drag Pump in the Molecular Transition Region
	Monte Carlo Simulation of Thermal Conduct of Dissociating Nitrogen Gas between Flat Plates

	CHAPTER 3: KINETIC AND TRANSPORT THEORY
	Self-Similar Solutions of the Boltzmann Equation with Elastic and Inelastic Interactions (abstract only)
	On Stationary Solutions to the Linear Boltzmann Equation with Inelastic Granular Collisions
	Instability of the Plane Couette Flow by the Ghost Effect of Infinitesimal Curvature
	On the Rayleigh-Bénard Problem in Rarefied Gases
	Non-equilibrium Effects in Reacting Gas Flows
	Kinetic Theory of Soft Matter: The Penetrable-Sphere Model
	Quasi Equilibrium Knudsen Boundary Layers
	Nonuniform Relaxation Problem for Mixtures and Effects of the Anomalous Heat Transfer
	Transition Regime of Gas-Phase Heat Transfer in Powder Beds
	Light-Induced Heat and Mass Transfer of Rarefied Gas in a Flat Channel
	Radiative Heat Transfer Computations as a Free Molecular Flow Modeling Tool
	The Limiting Behavior of the Broadwell Model: Flow in a Thin Channel

	CHAPTER 4: RAREFIED JETS AND PLUMES
	Unbound Neutral Atmosphere in the Solar System
	Comparison between Navier-Stokes and DSMC Simulations of the Rarefied Gas Flow from Model Cometary Nuclei
	Numerical Simulation of Collision-Induced Dissociation of Large Molecular Ions in Mass-Selective Detector with Atmospheric Pressure Chemical Ionization
	The Free-Jet Expansion of Supercritical CO2 from a Capillary Source
	Experimental Analyses of Flow Field Structures around Clustered Linear Aerospike Nozzles
	DSMC and Navier-Stokes Study of Backflow for Nozzle Plumes Expanding into Vacuum
	Anomalous Inflow into Rarefied Plasma Expansion
	Experimental and Numerical Study of Nozzle Plume Impingement on Spacecraft Surfaces
	Modeling of Vapor Expansion under Pulsed Laser Ablation: Time-of-Flight Data Analysis
	Laser-Induced Plasma in a Water Bubble
	Acceleration Phenomenon of Helium Arc Jet through a Magnetic Nozzle
	Modeling of Argon Condensation in Free-Jet Expansions with the DSMC Method
	Numerical Study of Free Transitional Jets with FCT Limited Scheme
	Three Dimensional Simulation on Deformation of Jet Boundary in an Underexpanded Axisymmetric Jet
	Numerical Simulations of Gas Cloud Expansion in Rarefied Environment
	Particle Rotation Effects in Rarefied Two-Phase Plume Flows
	Time-Resolved Analysis of High-Power-Laser Produced Plasma Expansion in Vacuum
	Stationary Population Inversion in an Expanding Argon Plasma Jet by Helium Puffing
	Solid Rocket Motor Backflow Analysis for CONTOUR Mishap Investigation
	Experimental and Numerical Modeling of Rarefied Gas Flows through Orifices and Short Tubes
	Back Flux for Pulsed Laser Evaporation into Vacuum
	Studies on Impingement Effects of Low Density Jets on Surfaces—Determination of Shear Stress and Normal Pressure

	CHAPTER 5: MONTE CARLO METHODS AND NUMERICAL SOLUTIONS
	Monte Carlo Methods and Numerical Solutions
	A Numerical Study of Taylor-Couette Problem for a Rarefied Gas: Effect of Rotation of the Outer Cylinder
	DSMC Convergence Behavior for Fourier Flow
	Numerical Study of Essentially Unsteady Evaporation
	Evaporation and Condensation Flows of a Vapor-Gas Mixture from or onto the Condensed Phase with an Internal Structure
	Molecular Dynamics Study on the Evaporation Part of the Kinetic Boundary Condition at the Interface between Water and Water Vapor
	A Kinetic Model for Vapor-Liquid Flows
	Half-Space Problem of Weak Evaporation and Condensation of a Binary Mixture of Vapors
	Applicability of the Homogeneous Nucleation Theory to the Condensation in Free Gas Expansions
	Direct Simulation of Ultrafast Detonations in Mixtures
	DSMC Study of Shock-Detachment Process in Hypersonic Chemically Reacting Flow
	Three-Dimensional Rayleigh-Bénard Convection of a Rarefied Gas: DSMC and Navier-Stokes Calculations
	On the Stability of Higher-Order Continuum (HOC) Equations for Hybrid HOC/DSMC Solvers
	The DS2V/3V Program Suite for DSMC Calculations
	DSMC Simulations of Hypersonic Flows and Comparison with Experiments
	Nonlinear Acoustics in Diatomic Gases Using Direct Simulation Monte Carlo
	Development of a General Parallel Three-Dimensional Direct Simulation Monte Carlo Code
	Analysis of Repeated Collisions in the DSMC Method
	Comparison between Time Relaxed Monte Carlo Method and Majorant Frequency Scheme Methods for the Space Homogeneous Boltzmann Equation
	Plane Couette Flow Computations by TRMC and MFS Methods
	Object-Oriented Software Design of Real Gas Effects for the DSMC Method
	Analysis of Numerical Errors in the DSMC Method
	Influence of Boundary Conditions and Chemical Reactions on the Rayleigh-Bénard Convection of a Rarefied Gas Mixture
	A Fast Iterative Synthetic Method for Discrete Velocity Calculations
	On the Accuracy of DSMC Modeling of Rarefied Flows with Real Gas Effects
	Dynamics of Fluid Dynamics Fluctuations by Particle Simulations
	DSMC Simulations of Fourier and Couette Flow: Chapman-Enskog Behavior and Departures Therefrom
	Lattice Boltzmann Method for Phase-Separating Liquid-Vapor Systems
	DSMC Implementation of the Schamberg Model: Comparison with the Maxwell Model
	Unsteady Outflow of the Vapour into Vacuum from the Flat Surface
	Flows of a Vapor due to Phase Change Processes at the Condensed Phases with Temperature Fields as Their Internal Structures
	Hypersonic Flow over a Wedge with a Particle Flux Method
	DSMC Simulation of Non-Uniform Flow Effects behind a Conical Nozzle
	Discrete Velocity Numerical Approach to Strong Evaporation of Graphite
	Simulation of Plane Poiseuille Flow of a Rarefied Gas with an Extended Lattice Boltzmann Method

	CHAPTER 6: DIRECT NUMERICAL SOLUTION OF THE BOLTZMANN EQUATION
	Direct Numerical Solution of the Boltzmann Equation
	DSMC Calculation of Vortex Shedding behind a Flat Plate with a New Intermolecular Collision Scheme
	A Fast Simulation Method with Arbitrary Viscosity Law

	CHAPTER 7: MICROFLOWS
	Comparison between Navier-Stokes and DSMC Calculations for Low Reynolds Number Slip Flow Past a Confined Microsphere
	The Impact of Accommodation Coefficient on Concentric Couette Flow
	Diffusiophoresis of a Spherical Volatile Particle
	Flow of a Rarefied Gas between Parallel and Almost Parallel Plates
	Geometric and Constitutive Dependence of Maxwell/s Velocity Slip Boundary Condition
	A Wall-Function Approach to Incorporating Knudsen-Layer Effects in Gas Micro Flow Simulations
	Carbon Deposition on Blade Surfaces of Laser Microactuator for Optical MEMS
	A Critical Review of the Drag Force on a Sphere in the Transition Flow Regime
	Direct Numerical Simulation of a Forced Micro Couette Flow Using DSMC
	Gaseous Flows in Microchannels
	Application of the DSMC and NS Techniques to the Modeling of a Dense, Low Reynold/s Number MEMS Device
	Hybrid Molecular Dynamics—Monte Carlo Simulations for the Properties of a Dense and Dilute Hard-Sphere Gas in a Microchannel
	Effect of Surface Forces on the Gas Flow in Nanosize Capillaries
	Flow of Gas Mixtures through Micro Channel

	CHAPTER 8: GRANULAR GASES
	Some Aspects of the Boltzmann Equation for a Granular Gas
	DSMC Evaluation of the Navier-Stokes Shear Viscosity of a Granular Fluid
	Impurities in Inelastic Maxwell Models
	Heat Flux in a Vibrated Granular Gas: The Diffusive Heat Conductivity Coefficient
	Green-Kubo Representation of the Viscosity of Granular Gases
	Motion of Nanoparticles in Rarefied Gas Flows
	Rarefied Flow through a Packed Bed of Spheres
	Stochastic Simulation of Thermoemission from Surfaces of Dusty Grains
	Stochastic Simulation of Fluctuation Stage of Phase Transfer on Solid Surface during Thin Film Formation
	A BGK Model for a Mixture of Chemically Reacting Gases

	CHAPTER 9: MOLECULAR BEAMS
	Stereospecific Control by Molecular Orientation
	Simulation of the Parameters of Seeded Molecular Beam
	Crossed Beam Studies of Prototype Insertion Reactions: C(1D)øH2 and N(2D)øH2
	Time Resolved Observation of Multiple Electronic Configurations in the Electronic Relaxation of Isolated Molecules by Photoelectron Imaging
	Development of High Energy Molecular Beam Source Using Small Shock Tube
	Structural Determinations and Dynamics on Floppy Molecular Systems
	Deposition from Supersonic Beams (SuMBE): A Kinetic Approach for Controlling Thin Film Properties

	CHAPTER 10: GAS PHASE MOLECULAR COLLISION DYNAMICS
	Multiscale Modeling of Molecular Collision Dynamics
	Modeling of OH Product Distributions Using QCT-MD and BL Models in a Bow Shock
	Deviations from the Mass Action Law in Non-equilibrium Gas Flows
	Electron-Molecule Collision Cross-Sections for Air Kinetics
	A Comparison of Semiclassical IVR and Exact Quantum Collinear Atom Diatom Transition Probabilities for Mixed Reactive and Non-Reactive Regimes
	Dynamics of Collision-Induced Dissociation of Two Molecules with Ionic Bond

	CHAPTER 11: GAS-SURFACE INTERACTION
	Progress in Gas-Surface Interaction Study
	Atomic Oxygen Recombination and Chemical Energy Accommodation on Alumina at High Temperature
	Out-of-Plane Scattering Distribution of Nitrogen Molecular Beam on Graphite (0001) Surface
	Multiscale Analysis for Gas-Surface Interaction of Hyperthermal SiH4 and Si(100) Surface
	Investigation of Transient Forces Produced by Gases Expelled from Rapidly Heated Surfaces
	Anisotropic Scattering Kernel and Temperature Jump at the Wall
	Scattering Kernel of Polyatomic Gases
	A Silicon Crystal Microbalance for Normal Momentum Transfer Study in a Gas-Surface System
	Analytic Solutions for the Probability of Atomic Surface Recombination as a Function of Surface Parameters
	Behavior of the Reflected Molecules of a Diatomic Gas at a Solid Surface
	Fractal and Statistical Models of Rough Surface Interacting with Rarefied Gas Flow
	Some Approaches for Study of Momentum and Energy Transfer in a Gas/Solids System

	CHAPTER 12: STATE-TO-STATE KINETICS
	H2 State to State Kinetics in Nozzle Expansion
	Behavior of Ro-Vibrationally Excited H2 Molecules and H Atoms in a Plasma Expansion
	Modeling Dissociation-Vibration Coupling with the Macroscopic Chemistry Method
	Experimental Study of Rotational Nonequilibrium in Low Density N2 Jets Using REMPI
	Quantum Molecular Dynamics Simulation of Dissociative Adsorption of H2 /Pt(111)
	A Combined MD Simulation and Experimental Investigation of the O2 Formation on b-quartz at High Temperature
	A Statistical Model for Vibration-Chemical Reaction Interaction in Gas Mixtures
	State-to-State Reaction Rate Coefficients, Distributions, and Gas Dynamics behind Strong Shock Waves
	Vibration-Electronic Kinetics and Radiation in a Non-equilibrium CO Flow behind a Shock Wave
	State-to-State Kinetics and Transport Properties of a Reactive Air Flow near a Re-Entering Body Surface
	Vibrational Populations of the Adlayer in Exoergic Processes at Solid Surfaces
	Kinetic Foundation of Nonextensive Gas Dynamics
	Consideration of the Vibrationally Linked Molecular Dissociation Model Based on the Kinetic Theory
	Vibrational Relaxation/Excitation Collision Model of Diatomic Molecules for Rarefied Gas Flows
	Transport Coefficients of a Single Reactive Gas

	CHAPTER 13: RAREFIED PLASMAS
	Monte Carlo Simulation of Charged Species Kinetics in Non-Equilibrium Gases
	Three-Dimensional Particle Modeling of Plasmas in a Reactor with Multipolar Magnetic Field
	Low Frequency Dynamical Behavior of the Plasma at the Exit Plan of a Hall Effect Thruster
	Geometrical Scaling of Hall Thruster Particle Model
	Modeling of Arc Jet Plasma Flow in Transitional Regime by Navier Stokes and State-to-State Coupling
	Strong Shock-Wave Interaction with an Expanding Plasma Flow: Influence on the CN Molecule Internal Modes
	Monte Carlo Simulation of Isotope Separation Phenomena by DC Discharge as Rarefied Gas Dynamics
	PIC/MC Modeling of Dusty Plasmas
	Measurement of Radial and Axial Neutral Gas Temperature in a Semi-conductor Plasma Reactor
	Hydrogen Plasmas for Negative Ion Production
	Capacitively Coupled Radio Frequency Discharge Plasmas in Hydrogen: Particle Modeling and Negative Ion Kinetics
	Non-equilibrium Vibrational Kinetics in Radiofrequency H2 Plasmas: A Comparison between Theoretical and Experimental Results
	Grid-Free Plasma Simulations Based on Hierarchical Treecode Field Solvers
	Transport of a-ray Generated Ion Clusters in Rarefied Flows
	Modeling of the Arc-Jet Plasma Flow in the SR5 Nozzle Using a Thermochemical Non-equilibrium and a State-to-State Approach
	Numerical Modeling of Hall Thruster

	CHAPTER 14: NON-EQUILIBRIUM PLASMA KINETICS (HYPERSONICS AND SCRAMJETS)
	Weakly Ionized Plasmas in Hypersonics: Fundamental Kinetics and Flight Applications
	DSMC Simulations in Support of the STS-107 Accident Investigation
	Testing Continuum and Non-Continuum Descriptions in High Speed Flows
	Hypersonic Rarefied Flow Simulation Using 2D Unstructured DSMC with Free Stream Condition
	Hypersonic Transversal Flow of Rarefied Gas Mixture Past Infinite Band
	Continuum Approach to Hypersonic Aerodynamics and Heat Transfer Prediction at Low Reynolds Numbers
	Solution of the Boltzmann Equation for Electrons in Laser-Heated Metals
	Evaluating Anisotropy and Thermodynamic Non-equilibrium in Hypersonic Transitional Regime
	Shock Wave Structure for Argon, Helium, and Nitrogen
	Direct Monte Carlo Simulation of the Transverse Supersonic Rarefied Gas Flow Past a Cylinder
	MHD of Aircraft Re-Entry: Limits and Perspectives
	Viscous Effects on Cooled Pitot Tubes in Hypersonic Low Reynolds Number Flows
	Dual-Mode Scramjet Operation at a Mach 5 Flight Enthalpy in a Clean Air Test Facility
	Relativistic Kinetic Theory of Magnetoplasmas
	Canonical Lie-Transform Method in Hamiltonian Gyrokinetics: A New Approach
	Plasma Expansion in Presence of Electric and Magnetic Fields
	Transport Properties of Equilibrium Argon Plasma in a Magnetic Field

	CHAPTER 15: EXPERIMENTAL PROCEDURES IN RGD
	Experimental Aspects of Code Validation in Hypersonic Flows
	Application of PSP to Surface Pressure Measurement in High Knudsen Number Flows
	Planar Laser-Induced Iodine Fluorescence Measurements in Rarefied Hypersonic Flow
	Laser Interferometric Measurement of Shear Stress in Low-Density Flows
	The Experimental Facilities at Laboratoire d/Aérothermique
	ICP Plasma Jet for Target Interaction Studies of O-atoms in O2 and CO2 Supersonic Flows
	An Analysis and Predicting the Efficiency of Atomic Oxygen Recombination and Chemical Energy Accommodation on Heated Silica Surfaces


	Author Index
	Help

	copyright: 


